INTRODUCTION
This paper describes the analysis of the particulate phase of smoke from -cigarettes containing Cytrel, fluecured tobacco, and Cytrel-tobacco blends. The particulate phase is defined as the relatively non-volatile material from smoke. It is generally obtained by drawing cigarette smoke through Cambridge filter pads, impaction traps, or gas traps cooled to cryogenic temperatures. The composition of approximately 70 °/o of the particulate phase from mainstream Cytrel smoke has been determined. A considerably smaller portion of the particulate phase from mainstream tobacco smoke has been similarly defined due to its greater complexity.
EXPERIMENTAL

Cigarette Manufacture and Smoking Procedure
The physical characteristics of the cigarettes and the smoking procedures used in this study were described in the first paper in this series ( 1.) . For this work three types of smoking machines were used. Below is a list of the analyses done with each type of smoking machine.
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Analytical Procedures
Cambridge Particulate Matter, Water, and Nicotine: Cambridge particulate matter (CPM), water, and nicotine deliveries were determined according to a protocol established in a study by Ogg and Shultz (2) . CPM was measured gravimetrically. Water and nicotine were measured by first extracting CPM with a known volume of isopropanol containing ethanol as an internal standard. The water concentration of the extract was determined by gas duomatography. Nicotine was determined spectrophotometrically after it was steamdistilled from an aliquot of the isopropanol extract (3). Particulate matter (water and nicotine free), PM (WNF), was calculated by subtracting the water and nicotine deliveries from CPM.
Glycerol: Glycerol was determined in the isopropanol extract of CPM by gas chromatography using a 4 ft. X 1./8 in. stainless steel column filled with 6o/8o mesh Tenax-GC and maintained at 205 °C.
pH: The pH of smoke was determined according to the method of Artho and Grob (4) .
Phenolic Compounds: Phenolic compounds were extracted from smoke condensate and concentrated according to the method of Hoffmann and Wynder (.5).
Mainstream smoke was collected in a trap filled with glass wool and cooled to -78 °C. The tar was washed from the trap with 5 °/o NaOH and a-chlorophenol was then added as an internal standard. After basic contaminants were extracted from the caustic solution using ether, the phenolic compounds were regenerated from the salt form by acidification and extracted with ether. The ether fraction containing the phenolic compounds was concentrated to approximately 3 ml and dried over anhydrous Na2SO,. 
Polycyclic Aromatic Hydrocarbons:
a) Single component analysis -benzo(a)pyrene: Benzo(a)pyrene (BaP) was determined according to the procedure described by Davis, Lee, and Davidson (6) with the addition of a thin layer chromatographic step using ChromAR sheet prior to the paper chromatography. b) Multicomponent analysis: This survey analysis was used for the determination of several polycyclic aromatic hydrocarbons (PAH) in smoke condensate. The procedure is a combination of techniques which have been described in the literature (6-1.2) and is most closely modelled after that of Zane (7). An outline of the procedure appears below. Individual P AH were identified by GC retention times of PAH standards and by mass spectrometry. Quantitation was accomplished with computerized integration or peak height measurements. Although 1.6 PAH were qualitatively detected, quantitative results were reported only for those compounds whose GC peaks were shown by mass spectrometry to be of the order of 99 °/o pure.
The P AH results have been corrected for losses which occurred during analysis. The degree of recovery of each P AH was determined by the concurrent analysis of an unadulterated sample of condensate and a sample to which known amounts of PAH had been added. Since no sample bias was observed, the average degree of recovery for each P AH from 25 determinations (including some samples not reported here) was calculated. The average recoveries ranged from 64 to 87 °/o.
A chromatogram of an artificial mixture of P AH standards is shown in Figure 2 , and typical chromatograms of a 1.00 °/o Cytrel smoke condensate and a 1.00 °/o tobacco smoke condensate are shown in Figure 3· Steam-Volatile Nitrosamines: Dimethylnitrosamine (DMN) and N-nitrosopyrrolidine (NNP) are the two steam-volatile nitrosamines which occur in the greatest concentrations in cigarette smoke (1.3). These nitrosamines have been determined by a procedure which is based on a combination of analytical tedmiques previously reported (1.3-1.8) . The procedure is closely modelled after that described by Baylis and Underwood (1.3) except that a mass spectrometer of lower resolution has been substituted. The potential loss of specificity resulting from the lower resolution has, however, been obviated by improved chromatographic resolution prior to mass spectrometric detection. An outline of the procedure is given below. Chromatographic separation of a mixture of polycyclic aromatic hydrocarbon standards. 
Tobacco
The effluent from the GC column was split and routed to three separate detectors -a flame ionization detector, a nitrogen-selective detector, and a differentially pumped mass spectrometer. The first two detectors were used for survey purposes whUe the third was used for quantitation. The mass spectrometer was tuned to m/e 74 for DMN, m/e 130 for DPN, and m/e 100 for NNP. The particular m/e values were chosen to obtain maximum specificity and sensitivity. Typical chromatograms for Cytrel and tobacco using the three detectors are shown in Figures 4-6 . Quantitation was accomplished by peak height mea- Typical chromatogram& from nitrosamine determination (mass spectrometer "detector").
condensate is collected (19, 20}. However, since the nitrosamine deliveries are low and quite variable for all of the samples examined, the possibility of the artefact formation of DMN and NNP does not alter the conclusions drawn from a comparison of deliveries from Cytrel and tobacco blend cigarettes.
Elemental Analyses: Accu-Labs Research, Inc., Wheat Ridge, Colorado, performed the survey elemental analysis on smoke condensate by spark source mass spectrography and the determination of mercury by a combustion-amalgamation technique followed by atomic fluorescence spectroscopy. Special precautions were taken in the generation of the condensate samples to insure that no ash was transferred to the tar.
RESULTS AND DISCUSSION
The results of the particulate phase analyses of smoke from cigarettes made from Cytrel, flue-cured tobacco, and blends of the two are shown in Tables 1 and 2 . Each result is the average of at least twodeterminations.
Comparison of 1.oo 0 /o Cytrel and 1.oo 0 /o Tobacco Cigarettes
Considering only the data in Table 1 for 100 °/o Cytrel and 100 °/o tobacco cigarettes, it can be seen that the deliveries of particulate matter, nicotine, phenols, polycyclic aromatic hydrocarbons, and nitrosamines were all lower from Cytrel than from tobacco cigarettes. Only one compound, glycerol, was delivered in greater • Mercury determined by combustion/amalgamation atomic fluorescence spectrophotometry.
amounts by the Cytrel cigarettes. However, the greater glycerol delivery was expected because [1] glycerol has been included in the Cytrel formulation and [2] the control tobacco contained no glycerol or other humectant.
Within the precision of the analysis ( ± 50 Ofo relative) all elements measured with the possible exception of sodium were delivered in lower amounts by Cytrel than by tobacco cigarettes ( Table 2 ). The possibUity of contamination of the samples by sodium compounds cannot be dismissed from the consideration of the sodium deliveries. Therefore, it is uncertain whether the sodium deliveries from the 100 Ofo Cytrel and Cytrel-tobacco cigarettes are greater than from the control tobacco cigarette.
The pH of smoke from 100 Ofo Cytrel cigarettes was higher than the pH of smoke from 100 Ofo tobacco cigarettes due in part to the fact that Cytrel deliveries of ammonia were higher than those from flue-cured tobacco (1).
Comparison of Cigarettes Containing Blends of Cytrel and Tobacco
The effects on delivery of representative particulate phase components resulting from the blending of Cytrel with tobacco are shown graphically in Figures 7-8 . It is apparent that the delivery of any component is an approximately linear function of blend level. This .linearity is an indication that no synergistic effects result from the blending of Cytrel with tobacco. Thus, if the delivery of a component from 100 Ofo Cytrel and from 100 Ofo tobafCO is known, the delivery of that 
